INTRODUCTION {#s1}
============

Stage II colorectal cancer (CRC) accounts for one third of curatively resected patients with CRC, and robust decision-making factors are required for optimal postoperative adjuvant treatment because identifying patients who need chemotherapy at this stage remains debatable.^[@B1]^ In April 2016, the International Tumor Budding Consensus Conference (ITBCC; Bern, Switzerland) reached a consensus on an international, evidence-based standardized scoring system for tumor budding in CRC.^[@B2]^ In 2017, the Union for International Cancer Control (UICC) publication of *TNM Classification of Malignant Tumors* (8^th^ edition) adopted tumor budding as a potential tumor-related prognostic factor.^[@B3]^ Under these circumstances, tumor budding is highly expected to be a potential prognostic factor in CRC that could identify patients with stage II disease at high risk for recurrence who need postoperative adjuvant chemotherapy.^[@B2]^ However, additional work is necessary to transform it from a promising to a robust decision-making factor in treatment. The prognostic impact of tumor budding has only been evaluated retrospectively, mostly in single-institution cohort studies. In addition, no study has prospectively evaluated the value of the assessment criteria for budding recommended by the ITBCC2016.

The SACURA trial is a multicenter, randomized controlled study evaluating the superiority of 1 year of adjuvant treatment with oral tegafur-uracil (UFT) compared with surgery alone for stage II colon cancer ([ClinicalTrials.gov](https://ClinicalTrials.gov): [NCT00392899](https://clinicaltrials.gov/ct2/show/NCT00392899)). The 5-year disease-free survival (DFS) rate was 78.4% in the surgery-alone group and 80.2% in the UFT group (hazard ratio \[HR\], 0.91; *P* = .31), and the superiority of adjuvant treatment with UFT over surgery alone was not shown, although the recurrence rate was lower in the UFT group than in the surgery-alone group (10.4% *v* 13.4%).^[@B4]^ The SACURA trial projected several translational studies in which tumor budding was prospectively evaluated to determine its prognostic value in stage II colon cancer.^[@B5]^ The assessment criteria for tumor budding used in the SACURA trial were subsequently adopted as the international standard criteria in the ITBCC2016.

Budding is reportedly a morphologic characteristic of the epithelial-mesenchymal transition (EMT).^[@B6],[@B7]^ Reports suggest that tumors undergoing EMT may resist conventional chemotherapy^[@B8],[@B9]^; thus, an important clinical question to clarify would be whether high-grade budding is associated with decreased efficiency of adjuvant chemotherapy. Specifically, budding would probably not be an optimal decision-making factor if it was associated with decreased efficacy of adjuvant chemotherapy because it is not helpful for selecting patients who would benefit from postoperative adjuvant chemotherapy. Hence, this prospective clinical study attempted to validate the prognostic stratification power of tumor budding on the basis of the ITBCC criteria and clarify the predictive impact of adjuvant chemotherapy efficiency in stage II colon cancer.

PATIENTS AND METHODS {#s2}
====================

Patients {#s3}
--------

This study was conducted according to the Declaration of Helsinki and comparable Japanese ethical standards and was approved by the institutional review boards of each participating institution. Furthermore, we obtained written informed consent from all study patients.

Overall, 2,024 patients with stage II colon cancer and no preoperative treatment were enrolled in the SACURA trial between October 2006 and July 2010.^[@B5]^ After excluding 42 ineligible patients, 1,982 were randomly assigned to the surgery-alone group or the UFT group and compared regarding DFS (primary end point) and secondary end points, including overall survival, relapse-free survival (RFS), and incidence and severity of adverse events (Appendix [Fig A1](#fA.1){ref-type="fig"}, online only). Consequently, at the primary analysis after 5 years from the last patient's enrollment, results showed that there was no superiority in any of the end points in the UFT group.^[@B4]^

Of 1,982 patients, 1,003 underwent surgery at 123 separate institutions participating in the preplanned translational study for new histopathologic prognostic factors in the SACURA trial.^[@B5]^ After excluding 12 patients because of noncompliance with the allocated protocol treatment, we enrolled 991 patients with curatively resected stage II colon cancer at 123 institutions (surgery-alone group, 501 patients; UFT group, 490 patients). Of these, 807 patients had colon cancer and 184 had rectosigmoid cancer. Regarding the extent of lymph node dissection per the *Japanese Classification of Colorectal Carcinoma* (2nd English edition),^[@B10]^ most patients underwent D3 or D2 procedures (800 and 188 patients, respectively). Institutional pathologists diagnosed conventional factors, including venous invasion, for which positive judgment was made regardless of whether it was observed intramurally or extramurally, and elastin stains to identify vascular invasion were left to the discretion of the pathologists. The median follow-up was 69.7 months (range, 2.1 to 105.6 months), and the 5-year RFS was 84.2% in all patients, 85.3% in the UFT group, and 83.2% in the surgery-alone group (*P* = .3083).

Pathologic Examination for Tumor Budding {#s4}
----------------------------------------

Postoperatively, among glass slides stained with hematoxylin and eosin (HE) prepared in routine pathologic practice, only slides prepared from a whole-tumor section to include the deepest part of the tumor were collected in the study office, Tokyo Medical and Dental University, and from each institution, and submitted to National Defense Medical College, the institution responsible for the central review of new histopathologic factors and blinded to patient and tumor information. All of the HE slides collected for this study were prospectively examined by one of the authors (H.U.) to evaluate the tumor budding grade according to the criteria detailed in the following paragraph.

Tumor budding was defined as an isolated cancer cell or cluster comprising less than five cells in the invasive front and graded according to its number in a microscopic field with a ×20 objective lens (0.785 mm^2^) in the hotspot. We classified tumors with less than five, five to nine, and 10 or more budding foci as grades BD1, BD2, and BD3, respectively. These assessment criteria were subsequently adopted in the Japanese guidelines (2009)^[@B1]^ and international criteria in the ITBCC2016.^[@B2]^ Category BD3 was subclassified as BD3a for tumors with 10 to 19 and BD3b for those with 20 or more budding foci in the hotspot (in a field of 0.785 mm^2^) at the invasive front. No cytokeratin stains were used to determine the hotspots or to count the number of buds.

Statistical Analyses {#s5}
--------------------

The end point definition in the SACURA trial was reported previously.^[@B4],[@B5]^ DFS was defined as the time from randomization to recurrence, second cancers, or death, whichever occurred first. Second cancers included metachronous cancers developed in both the colorectum and other organs. The SACURA trial revealed that approximately 9% of the patients experienced second cancers, comprising 40.7% of the DFS events.^[@B4]^ Because we considered RFS, the time from randomization to first recurrence or death, more suitable for appraising the clinical value of the prognostic factors, we used it as a substitute end point.

The Kruskal-Wallis test was used for continuous variables and the χ^2^ test for categorical variables to assess differences between tumor budding in clinicopathologic characteristics and postoperative oncologic events. The RFS and recurrence rates were estimated using Kaplan-Meier analysis. We evaluated the 95% CIs at a specific time using the SE computed by the Greenwood formula and performed comparisons using the log-rank test. Univariable and multivariable analyses using the Cox proportional hazards regression model were performed to calculate HRs and 95% CIs for RFS of eight prespecified, elemental prognostic factors, including conventional factors used in the current international guidelines (number of lymph nodes examined, tumor differentiation, T stage, lymphatic and venous invasion, and microsatellite instability),^[@B11],[@B12]^ treatment arm, and tumor budding. Additional multivariable analyses were also performed as sensitivity analyses in other sets of prognostic factors. Furthermore, we compared the multivariable Cox models for the prediction of RFS to assess the prognostic power of the individual prognostic factors using the Harrell concordance index (C-index).^[@B13]^ The 95% CI for the difference in Harrell C-index from the interest model was estimated using the bootstrap percentile method with resampling 10,000 times. We conducted an interaction analysis to compare the treatment effect of UFT between subgroups determined according to the three-tier tumor budding grade by using a Cox model with treatment, three-tier tumor budding (two terms), and their interaction (two terms) as covariables to have an interaction test with degrees of freedom of 2. We also estimated subgroup-specific treatment effects to inspect the profile of the interaction. All statistical analyses were performed using SAS, version 9.3 (SAS Institute, Cary, NC).

RESULTS {#s6}
=======

Incidence of Grades of Tumor Budding in the SACURA Trial {#s7}
--------------------------------------------------------

On the basis of the budding grade, 376, 331, and 284 tumors were classified as BD1, BD2, and BD3, respectively. The proportion of T4, positive lymphatic invasion, and preoperative serum carcinoembryonic antigen value of more than 5.0 ng/mL was higher based on the increased tumor budding grade (*P* \< .001 to .03; [Table 1](#T1){ref-type="table"}). The budding grade was marginally associated with the tumor differentiation grade (*P* = .0598).

###### 

Tumor Budding and Clinicopathologic Characteristics
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Tumor Budding and Prognostic Outcomes {#s8}
-------------------------------------

On the basis of the tumor budding grade, the 5-year RFS rate was 90.9% (95% CI, 87.4% to 93.5%), 85.1% (95% CI, 80.7% to 88.6%), and 74.4% (95% CI, 68.9% to 79.1%) for BD1, BD2, and BD3, respectively (*P* \< .001; [Fig 1](#f1){ref-type="fig"}). Moreover, a significant difference was observed in RFS between BD3a and BD3b (*P* = .0465); the 5-year RFS rate was 77.5% (95% CI, 71.3% to 82.6%) for BD3a and 64.6% (95% CI, 52.0% to 74.7%) for BD3b. A positive correlation was observed between the three-tier budding grade and RFS in both T3 and T4 (*P* = .0100 and \< .001, respectively); however, the 5-year RFS rate stratified according to the three-tier budding grade was wider in patients with T4 tumors (86.6% to 53.3%) compared with those with T3 tumors (91.4% to 82.1%).

![Kaplan-Meier estimates of the relapse-free survival (RFS) rate in patients with colon cancer according to grade of tumor budding.](JCO.18.02059f1){#f1}

The incidence of recurrence was 6.4%, 12.1%, and 23.6% in the BD1, BD2, and BD3 groups, respectively (*P* \< .001; [Table 2](#T2){ref-type="table"}). Of first relapse organs, the three-tier budding grade was significantly associated with the incidence of liver, lung, lymph node, and peritoneal recurrence, respectively (*P* \< .001 to .02; [Table 2](#T2){ref-type="table"}).

###### 

Incidence of Postoperative Oncologic Events According to the Grade of Tumor Budding
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Identification of Significant Prognostic Factors for RFS {#s9}
--------------------------------------------------------

Among eight prespecified prognostic factors, T stage, microsatellite instability status, and tumor budding correlated with RFS on the basis of univariable analysis using the Cox proportional hazards regression model ([Table 3](#T3){ref-type="table"}). However, other factors were not significant, including tumor differentiation, lymphatic and venous invasions, and number of lymph nodes examined.

###### 

Univariable and Multivariable Analyses of Relapse-Free Survival Using Cox Proportional Hazards Regression Model
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Multivariable analysis for RFS revealed budding (BD2: HR, 1.5; 95% CI, 1.0 to 2.3; *P* = .0692; BD3: HR, 2.6; 95% CI, 1.7 to 3.9; *P* \< .001) along with T stage (T4: HR, 2.5; 95% CI, 1.8 to 3.6; *P* \< .001) as independently affecting the prognostic outcome ([Table 3](#T3){ref-type="table"}). In sensitivity analysis with the other two sets of combined prognostic factors, we had similar results in which tumor budding was selected as an independent factor for RFS (Appendix [Table A1](#TA.1){ref-type="table"}, online only).

Value of Tumor Budding as a Prognostic Model Factor on the Basis of Harrell C-Index {#s10}
-----------------------------------------------------------------------------------

[Table 4](#T4){ref-type="table"} lists a comparison of multivariable Cox models for predicting RFS according to the Harrell C-index. The C-index of a prognostic model consisting of eight elemental prognostic factors was 0.6805 (full model). Among the prognostic models excluding a component factor from the full model, the reduction in C-index was the most significant in the model excluding tumor budding (0.0423), and its 95% CI did not contain zero (0.0086 to 0.0712). Similarly, T factor was associated with a substantially reduced C-index, of which 95% CI did not contain zero.

###### 

Comparison of Multivariable Cox Models for Relapse-Free Survival to Estimate the Contribution of Individual Prognostic Factors According to the Harrell C-Index
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Impact of Adjuvant Chemotherapy on Recurrence Rate According to Tumor Budding Grade {#s11}
-----------------------------------------------------------------------------------

On interaction analysis, the treatment effect of UFT was not significantly different between subgroups according to the grade of tumor budding (*P* = .5733 in the interaction test; [Fig 2](#f2){ref-type="fig"}). Although the interaction was not significant, we observed a tendency of the beneficial effect of UFT with HRs of 0.84 (95% CI, 0.53 to 1.33) and 0.72 (95% CI, 0.41 to 1.27) in patients with BD2 tumors and those with BD3 tumors, respectively, but no such a tendency in patients with BD1 tumors with an HR of 1.14 (95% CI, 0.60 to 2.16).

![Comparison of time to recurrence between the surgery-alone group and the chemotherapy group in patients with (A) BD1, (B) BD2, and (C) BD3 tumors. The 5-year recurrence rates (95% CI) for the surgery-alone and tegafur-uracil (UFT) group were 6.8% (4.0% to 11.4%) and 6.5% (3.6% to 11.5%) in BD1, 10.3% (6.5% to 16.0%) and 14.8% (10.1% to 21.5%) in BD2, and 21.0% (15.0% to 29.0%) and 26.4% (20.1% to 34.4%) in BD3, respectively. Log-rank test: BD1, *P* = .8124; BD2, *P* = .1889; BD3, *P* = .2954.](JCO.18.02059f2){#f2}

DISCUSSION {#s12}
==========

Initially, tumor budding was loosely defined as a histologic characteristic on HE glass slides.^[@B14],[@B15]^ However, from early reports on the prognostic impact of tumor budding^[@B15],[@B16]^ until the latest edition of the UICC TNM staging system, which listed tumor budding as a tumor-associated prognostic factor in CRC,^[@B3]^ several attempts were made to define the grading system and maximize its value, accounting for various internationally proposed assessment criteria.^[@B17]^ First, the size of the buds needs to be characterized, because the definition of budding is not always uniform among studies (ie, not strictly defined^[@B15]^; less than five cells^[@B16]^; five or more cells^[@B18]^). Second, grading was determined according to either the subjective manner,^[@B15]^ bud intensity criteria,^[@B16],[@B18]^ or percentage of the area with budding at the infiltrating margin.^[@B19]^

Third, even in studies using the intensity-based grading system, the most widely used system in prior studies, several inconsistencies in the detailed criteria exist, including field selection (eg, not specified^[@B15]^; hotspot method^[@B16],[@B18]^; randomly determined^[@B20]^), objective lens magnification for counting buds (×20^[@B21],[@B22]^; ×25^[@B16],[@B23]^; ×40^[@B18],[@B24]^), and number of fields assessed (one per case^[@B16]^; five per slide^[@B20]^; 10 per case^[@B25]^). Finally, perhaps a more important issue in the intensity-based grading system, cytokeratin staining was applied in some studies to improve the diagnostic accuracy of isolated cancer cells, and an issue was raised regarding whether either HE or cytokeratin should be used for bud scoring.^[@B23],[@B24],[@B26]^

Although these multidirectional approaches have substantially contributed to establishing the value of tumor budding, its routine implementation has been hindered by inconsistencies in the assessment criteria. In the ITBCC2016, consensus was reached in the following four assessment criteria for tumor budding^[@B2]^: (1) tumor budding is defined as a single tumor cell or a cell cluster comprising four or fewer tumor cells; (2) tumor budding is counted on HE; (3) tumor budding is assessed in one hotspot (in a field measuring 0.785 mm^2^) at the invasive front; and (4) a three-tier system should be used along with budding count to facilitate risk stratification in CRC.

In the SACURA trial (2006 to 2010), the tumor budding status of stage II colon cancer was prospectively assessed based on the criteria later adopted in the ITBCC2016. This study revealed that RFS decreased according to an increase in the three-tier grade. Also, the SACURA trial assigned subgrades to the BD3 category on the basis of the number of budding foci in a field measuring 0.785 mm^2^ (ie, BD3a, 10 to 19; BD3b, ≥ 20) and revealed a marked difference in RFS between BD3a and BD3b, resulting in statistically different 5-year RFS rates, with BD1, BD2, BD3a, and BD3b decreasing in this order. Zlobec et al^[@B27]^ argued that one of the essential properties of budding is that it is a continuous variable affecting the event of metastases, that is, the higher the number of buds, the higher the risk of lymph node and distant metastases. Although tumor budding was an intensity-dependent prognostic factor that potentially facilitated patient stratification into four groups with different survival outcomes in 638 patients with stage I to III rectal cancer at St Mark's Hospital,^[@B16]^ all prior studies reporting the prognostic value of tumor budding in stage II CRC demonstrated that the entire population was successfully stratified into only two different prognosis groups.^[@B19],[@B20],[@B28]-[@B32]^ Notably, the ITBCC2016 criteria resolved the intrastage prognostic heterogeneity, enabling the stratification of patients with stage II colon cancer into four groups with wide-ranging differences in 5-year RFS rates (65% to 91%). We believe our results show that the hotspot method for tumor budding adopted in the ITBCC2016 criteria is practical and allows us to make the most of its property, although additional studies are needed to confirm the clinical benefit of the subclassification categories for BD3.

In this study, we evaluated the prognostic value of tumor budding on the basis of two statistical methods. First, we evaluated whether tumor budding was an independent prognostic factor using a Cox proportional hazard model together with other prespecified factors. Consequently, tumor budding was shown to be an independent factor, along with T stage, and the result was similar in other sensitivity analyses. Second, we compared the Harrell C-index between Cox models, in which tumor budding was shown to be essential for improving the performance of prognostic prediction, as well as T factor.

Conversely, our study shows that some of the prognostic factors in stage II CRC that have been adopted in clinical guidelines are worthy of reconsideration, for example, tumor differentiation grade is listed in the National Comprehensive Cancer Network guidelines^[@B11]^ and the European Society for Medical Oncology guidelines,^[@B12]^ but that has no impact on this study. A conclusion reached by the ITBCC2016 is that tumor budding is not the same as tumor grade,^[@B2]^ which is well supported in this study, presenting only marginal correlation and a different survival impact. Another factor for reevaluation is whether vascular invasion is a reliable treatment indicator for adjuvant therapy in stage II colon cancer.^[@B33]^

A retrospective analysis of 979 patients in the QUASAR (Quick And Simple And Reliable) trial (majority stage II) revealed a nonsignificant trend toward increased chemotherapy efficacy with increased bud counts,^[@B34]^ which is consistent with our study, that is, although time to recurrence was similar in BD1 tumors, adjuvant chemotherapy with UFT for 1 year seemed to be associated with an improved 5-year recurrence rate by approximately 5% in both BD2 and BD3 tumors. Although the *P* values were statistically insignificant, perhaps because of the small number of patients enrolled in the individual subgroups and the limited adjuvant power of UFT, the results of two discrete randomized controlled studies suggest that the proportional reduction in recurrence with chemotherapy in patients with higher bud counts might seem at least equivalent in those with low counts.

Budding is reportedly a morphologic characteristic of the EMT,^[@B6],[@B7]^ and tumors undergoing EMT may resist conventional chemotherapy.^[@B8],[@B9]^ However, the results of the QUASAR and SACURA trials indicate that the value of tumor budding as a decision-making factor for adjuvant chemotherapy was upheld in terms of its predictive effect in patients with stage II colon cancer, for whom none have been confirmed as predictive markers to direct use of adjuvant therapy. Because this study has limitations regarding the small sample size and single-agent UFT as an adjuvant therapy as stated previously, additional validation will be required, including perhaps a prospective randomized trial using tumor budding as a stratification factor and more effective adjuvant therapy for the high-risk groups, that is, oxaliplatin combination therapy.

In conclusion, the clinical value of the definition and grading system for tumor budding adopted in the Japanese guidelines and ITBCC2016 criteria is well validated in this multicenter prospective study for stage II colon cancer. The role of tumor budding, a tumor-related prognostic factor adopted in the UICC TNM classification, should be emphasized in the adjuvant treatment setting.
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Multivariable Analyses for Relapse-Free Survival as Sensitivity Analysis
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